The blood platelets have attracted the attention of several generations of clinicians, haematologists, physiologists and in recent years pharmacologists and biochemists.
Those who first described these cells, as separate elements of the blood, recognized that they played an integral part in the sequence of blood coagulation and in the mechanism of haemostasis (Hayem, I878, I882, I883; Bizzozero, i882; Eberth and Schimmelbusch, i888) . Early hypotheses of the mechanism of fibrin formation in shed blood included the platelets as taking part in the series of reactions (Morawitz, I905; Nolf, I908; Howell, 19Io; Bordet and Delange, 19I2) .
The modern era of research in blood coagulation has confirmed the important part that platelets play in blood coagulation, and it is now known that platelets contain or have adsorbed on to their surfaces several factors which influence indirectly the rate and amount of fibrin formation. These may be summarized as follows:
Platelet Factor i accelerates the conversion of prothrombin to thrombin by thromboplastin.
Platelet Factor 2 accelerates the conversion of fibrinogen to fibrin by thrombin.
Platelet Factor 3, the major component of the platelet's contribution to intrinsic thromboplastin formation (Fig. i ). This is a phospholipoid.
Platelet Factor 4 has antiheparin activity (Creveld and Paullsen, 195I, I952; Creveld, '954; Alkjaersig, Abe and Seegers, 1955; Deutch, Johnson and Seegers, I955) . Platelet Factor I has been shown to be adsorbed plasma Factor 5 (Hjort, Rapaport and Owren, 1955) , but the other factors have a separate identity from plasma coagulation factors.
In addition to the above factors, the platelets carry small amounts of adsorbed antihaemophilic globulin, Christmas factor, prothrombin and fibrinogen (Bounameaux, 1956; Seligman, 1957) . It is possible that the platelets take part in the early stages of blood coagulation, and, having been activated by a product produced by interreaction between Hageman factor (Ratnoff and Colopy, I955) and plasma thromboplastin ante- (Rosenthal, Dreskin and Rosenthal, I955) , release their phospholipoid component to react with antihaemophilic globulin and Christmas factor to form intrinsic thromboplastin (Fig. i) . This hypothesis is based on experimental work detailed by Biggs, Sharp, Margolis, Hardisty, Stewart and Davidson (1958) . If blood is allowed to clot in vitro fibrin formation is preceded by the aggregation and fusion of platelets into amorphous masses (viscous metametamorphosis) (Eberth and Schimmelbusch, i888; Tait and Burke, 1926; Sharp, I958) . This mechanism is thought to be identical with that observed in the lumen of damaged blood vessels where the platelet clumps appear to constitute an important barrier to prevent the escape of blood through the damaged vessel wall (Zucker, I947, I949; Fulton, Ackers and Lutz, 1953).
SHARP: The Assessment of Platelet Function
The role of platelets in haemostasis has been the subject of argument (Macfarlane, I941), yet the evidence is in favour of their playing a major role in this mechanism either by virtue of their forming a mechanical block or by promoting fibrin formation at the site of injury. In recent years the platelets have been found to contain or carry pharmacologically active amines, namely, 5-hydroxytryptamine (5HT) (Zucker, Friedman and Rapport, 1954) , adenosine triphosphate (ATP) (Born, I956) , adrenaline and nor-adrenaline (Weil-Malherbe and Bone, I954). 5HT has been identified as the vasoconstrictor principle in clotted blood (Zucker et al., 1954; Hardisty and Stacey, 1955) . Antifibrinolytic activity has also been detected in platelet extracts as has the enzyme acid phosphatase (Johnson and Schneider, 1953; Creveld, I954; Stefanini and Murphy, I956; Zucker and Borrelli, 1959 Bloom, 1955) . By any method it is difficult to define accurately the variations in normal morphology and only by examining large numbers of preparations is it possible to establish any criteria of normal and abnormal morphology. The most easily recognized abnormality is a marked variation in the shape and size of the platelets with the presence of definite giant forms which may vary from 5 to 2zo. in diameter. This feature is easily determined by either of the first two methods which are also useful for determining the presence of platelet clumping or viscous metamorphosis in any given platelet preparation.
Variation in the minute structure of platelets is difficult to determine by direct or phase microscopy and resort must be made to electron microscopy. Normal platelets dried on the Formvar grid for electron microscopy show pseudopod or dentrite formation by the structureless hyalomere around the periphery of the cell. The absence of this phenomenon has been regarded as evidence of abnormal platelet morphology (Braunsteiner, Felliger and Pakesch, 1954;  Ulutin, I958), and has been described in cases of thrombopathia. This method also allows detailed study of platelet clumping and disintegration in viscous metamorphosis (Bloom, 1955; Marx, Stich and Ehrhart, 1956; Koppel, I958) .
As electron microscopy becomes more universally available for the routine study of platelet morphology, so more exact criteria of normal and abnormal morphology will be established.
Megakaryocyte morphology is abnormal in certain thrombocytopenic syndromes (Dameshek and Miller, I946) , but no definite abnormalities have been described in association with other functional platelet deficiencies apart from hyperplasia in the marrow of patients with thrombocythaemia (Hardisty and Wolff, I955) .
Bleeding Time
The best available test of primary haemostasis is the bleeding time. The role of platelets in haemostasis has already been discussed briefly and any significant deficiency of their function due to a reduction in numbers or due to a functional deficiency is usually accompanied by a prolongation of the bleeding time.
The method described by Ivy (Biggs and Macfarlane, I957) is more likely to reveal mild defects in the haemostatic mechanism than the Duke method. The normal range of the former method is I to 6 minutes. In males the bleeding time is rarely prolonged beyond 4 minutes.
Capillary Fragility
Platelet dysfunction is often associated with abnormal fragility of the capillaries. Tests that measure this fragility cannot, however, be used to measure platelet function.
Clot Retraction
The retraction of fibrin after clotting has taken place is a function of normal intact and viable platelets and this phenomenon is partially or totally absent if the numbers of platelets in the clotting blood is reduced 195I (1953) .
The test of clot retraction in whole blood is simple to perform and provides consistent results in normal whole blood where the clot retracts by 40-60 per cent. in i hour after fibrin formation (Biggs and Macfarlane, 1957) . Prothrombin Consumption Index It has already been described how platelets may play their part in the formation of thromboplastin and the consequent conversion of prothrombin to thrombin. Thus, if the numbers of circulating platelets are reduced or their function altered in respect of Platelet Factor 3, the amount of prothombin converted to thrombin, during coagulation of the whole blood, will be reduced (Quick, Shaneberg and Stefanini, 1949) . The test of prothrombin consumption described by Merskey (I950) is a sensitive indicator of platelet function provided no plasma coagulation factors necessary for thromboplastin formation are absent.
Where whole blood shows abnormal prothrombin consumption, a sensitive test of platelet function has been evolved in this laboratory using the same basis of prothrombin consumption (see acknowledgments). The relative amounts of residual prothrombin are estimated when mixtures of normal and test platelet-rich and plateletpoor native plasmas are allowed to clot at 370 C. (Table I) .
This test has been found to be a sensitive method of determining a reduction or a failure of release of Platelet Factor 3. Thromboplastin Generation Test
The ability of the platelets to generate normal amounts of thromboplastin in conjunction with other plasma factors can be estimated by the above test (Biggs and Douglas, 1953) . This has been the test most widely used in the measurement of platelet function and it is presumed that it does measure selectively the phospholipoid fraction or Platelet Factor 3 (Soulier and Larrieu, '954; Nicola, I954; Soulier. Larrieu and Wartelle, I955; Braunsteiner, 1955; Bernard, Caen and Maroteau, I957; Bonnin, 1957) . Washed suspensions of platelets from the patient are compared with a similar suspension prepared from normal blood. Care must be taken to ensure that the number of platelets in each suspension is similar and this may be achieved by comparing the relative opacity of the suspensions by use of a visual photometer or a photoelectric colorimeter. Ulutin and Karaca, 1958) . If platelets, which show abnormal thromboplastin generation by conventional tests, show normal generation after lysis, the condition is probably an inherited abnormality (Ulutin and Karaca, 1956) . It has been found that the thromboplastin generation test is a less sensitive indicator of platelet dysfunction than the test for prothrombin consumption. This is possibly the result of partial platelet damage while preparing the washed platelet suspension.
Platelet Activity in Serum
O'Brien (I955) pointed out that serum coIItained platelet-like activity when added to platelet-free plasma and that this activity was not present in serum derived from platelet-free blood.
Alagille and , modifying O'Brien's original method, determined the ability of serum containing platelet-like material to correct the prothrombin consumption when platelet-free plasma was allowed to clot. They confirmed that this activity depended on the number of platelets in the blood from which the serum was derived and in addition they found 
Thromboelastography
The ingenious apparatus devised by Hartert (I95i) has been used to measure platelet activity. It records photographically the onset of fibrin formation, the speed of increasing clot rigidity and the tenacity of the formed clot. These factors are all altered proportionally as the numbers of platelets in the clotting blood are diminished (Fig. 2) , and similar findings may be found in cases of thrombopathy (Introzzi and Nicola, I956) .
Although an expensive apparatus, it can provide a convenient method of detecting possible platelet defects, but it does not obviate the necessity of performing other tests to define the culpability of these cells.
Platelet Viscous Metamorphosis
The ability of platelets to clump and fuse together prior to fibrin formation has already been described. This phenomenon has been shown to be a constant feature of normal platelet suspensions (Sharp, 1957a (Sharp, , 1958 , and if absent must represent an abnormality of platelet function due either to an inherent defect of the cells or to a deficiency of certain coagulation factors (Biggs et al., 1958 (Bigelow, 1954; Zucker and Borrelli, I956; Hardisty and Wolff, 1955; Quiry, Caen and Bernard, 1958) . Platelets contain a large amount of ATP (Born, 1956 ), but the role of this amine has not yet been defined. Two hypotheses have been advanced: ATP may bind sHT selectively in the platelets as adrenaline is bound in the adrenal glands, or alternatively it may be responsible for the active uptake of 5HT by the platelets. It may be that both are correct (Born and Gillson, 1959; Born and Bricknel, 1959) . Platelets once they are removed from the body and stored lose their amine content within 24 hours (Born, 1959) , and this loss of activity may represent an important loss of platelet viability. This aspect of platelet physiology will be discussed later. The accurate estimation of these amines in platelet extracts necessitates the use of complex techniques which are not readily available to the routine haematologist.
Platelet Fragility Tests
The lysis of platelets by hypotonic saline solutions has been observed (Gurevitch and Nelken, I956; Morita, 1958) and increased resistance to lysis has been encountered in cases of thrombopathy (Ulutin and Karaca, 1956 ).
Micro-electrophoresis
The principles of electrophoresis of platelets have been applied to platelet suspensions contained in special cells (Bigelow and Desforges, I953; Ross and Ebert, 1959) . Variations in platelet mobility in such a system must depend on their surface charge and, as this charge probably controls many of their activities, application of this S-eptember I959 51I group.bmj.com on June 16, 2017 -Published by http://pmj.bmj.com/ Downloaded from method to the problem of detecting abnormal platelet function is a worthwhile task.
Analysis of the platelet constituents, especially the protein and phospholipoid fraction, by conventional paper electrophoresis (Donner, Mach and Brancava, 1958 ) may lead to more specific determination of fractions than can be achieved by coagulation tests. Platelet Survival A crucial test of platelet viability is to determine whether they survive for their normal span in the blood of normal persons. Normal platelets tagged with radioactive di-isopropylfluorophosphate (DFP32) and sodium chromate (Cr5l) have been found to survive for 9-iI days in the circulation of normal individuals (Leeksma and Cohen, 1956; Aas and Gardner, 1958) , SO (Sprague, Harrington, Lange and Shapleigh, 1952) .
Other Platelet Factors
No case has yet been described where Platelet Factor 2 has been found to be deficient. Creveld and Paullsen (1952) and Soulier and Larrieau (1954) report abnormalities in the amount of Platelet Factor 4 in association with other platelet defects.
Deficiencies of platelet antifibrinolytic activity have been reported in patients with abnormal platelet function (Stefanini and Murphy, I956) .
The accurate measurement of these latter factors is difficult to determine and there is little evidence that the trouble involved is worthwhile. Discussion
Attempts to measure platelet function often produce equivocal results. This is undoubtedly due to the platelets being partially damaged during collection of the blood, the preparation of platelet-rich plasma and the preparation of platelet suspensions free from plasma. One major factor that has been found to cause platelet damage is faulty venepuncture technique and this variable is more likely to cause non-specific alterations of the platelets than any other (Sharp, I957b) .
Such non-specific damage may result in abnormal platelets appearing to be normal (see thromboplastin generation test), or alternatively normal platelets may be so damaged by collection that they may appear to have abnormal function.
By far the best preparation for assessing platelet function is native plasma prepared in the cold without anticoagulant (Sharp, 1958) . With this method it is possible to reduce non-specific factors to a minimum and to study viscous metamorphosis, platelet morphology and the ability of platelets to promote prothrombin consumption.
A study of the results of platelet function in patients with haemorrhagic symptoms suggests that certain clinical groups can be recognized. The following classification has been suggested (Biggs and Macfarlane, 1957) and has much to commend it: I. The thrombocytopenicgroup is self-explanatory. It must be stressed that not all patients with thrombocytopenia show evidence of spontaneous haemorrhage or abnormal haemostasis, and it is probable that haemorrhagic symptoms develop only when thrombocytopenia and abnormal platelet function co-exist (Bonnin, 1957) .
2. The von Willebrand's syndrome. In this syndrome a prolonged bleeding time is associated with normal numbers of platelets and normal platelet function, but now unusually low levels of antihaemophilic globulin appear to be the most constant defect encountered in this syndrome. Whether this latter factor, associated with a capillary defect, such as that described by Macfarlane (1941), or with some as yet undefined plasma factor (Nilsson, Blomback, Jorpes, Blomback and Johansson, 1957) , is responsible for the haemostatic defect has yet to be defined. On the evidence that exists at present this syndrome does not justify classification with other examples of platelet dysfunction.
3. Thrombopathia, thrombopathy, thrombocytopathia. This group is associated with normal numbers of platelets but with abnormal prothrombin consumption, decreased thromboplastinforming ability, and prolonged bleeding time, all other platelet function tests being normal. Two sub-divisions of this group exist, namely, (a) those patients with a definite familial haemorrhagic state, and (b) those where the platelet defect was secondary to a disease process such as uraemia, liver disease, scurvy and congenital heart disease (Lewis, Zucker and Ferguson, 1956; (Hardisty and Wolff, 1955) .
Other cases are encountered which do not fit into this classification and these must be named after the specific platelet factor which is reduced in activity or absent.
A word must be said on the difference between normal platelet function and platelet viability. When platelet transfusions are given to improve haemostatic function in the thrombocytopenic patient, fresh blood, platelet-rich plasma or platelet concentrates must be used, as any preparation more than 24 hours old does not appear to confer any beneficial effect. Yet the platelets from preparations several days old and which have lost their ability to improve haemostasis, still function normally in respect of clot retraction, viscous metamorphosis, prothrombin consumption and thromboplastin generation (Mustard, I956; Sharp, unpublished observations) . Therefore, unless our concepts of the beneficial effects of transfused platelets are wrong, normal platelet function and normal platelet viability are not synonymous terms. The only platelet factors that are known to deteriorate rapidly in the first 24 hours after removal from the body are sHT and ATP (Born, 1959) , and as they may play an important role in haemostasis, measurement of these amines may be a useful method of assessing platelet viability. The viability of platelets may also be estimated by measuring their metabolic activity in respect of oxygen consumption (Campbell, Small and Dameshek, 1956 ), but it is unknown whether the ability of platelets to consume oxygen and their ability to correct a defective haemostatic mechanism disappear at the same time.
In conclusion, the methods we have available for the measurement of platelet function are not entirely reliable, but in many instances they 
Summary
Methods for measuring platelet function have been described and their inadequacies discussed.
The need for new and more reliable tests is stressed.
